were added, usually two parts of water suspension to one part of oil, the tubes stoppered and shaken mechanically for one hour. The emulsions were then either centrifuged or allowed to stand until the two layers had separated. The concentration of the suspension of bacteria remaining in the aqueous phase was determined by comparing the opacity with that of standard suspensions of the same organism or by counting the bacteria, using Breed's procedure. Controls without bacteria were run In order to avoid soap formation most of the experiments were carried out with the water phase adjusted to pH 6.0; a wide range of pH, however, proved to have very little influence upon the partition. At lower pH values, 1.6 to 6.0 the aqueous layer remained clear; in more alkaline solutions the watery layer became cloudy due to soap formation. Notwithstanding the small amount of soap formed, the acid-fast organisms partitioned more or less completely into the oil while the non-a.cid fast Es. coli and B. subtilis remained in the water. Acid agglutination of the Es., coli and B. subtilis occurred in solutions more acid than about pH 2.5 and the agglutinated organisms settled to the bottom of the tubes in the water phase. If acid agglutination occurred in the acid-fast organisms the clump passed into the oil.
Since this treatment of the acid-fast bacteria is unlikely to make any alteration in the chemical structure of the non-polar groups of the surface of the bacteria such results might have been anticipated.
V. THE EFFECT OF IMMUNE SERUM Mudd and Mudd (1926) found that acid-fast bacteria, sensitized to homologous immune serum behaved more like non-acidfast bacteria in oil and water systems. In their dark-field preparations it was observed that sensitized acid-fast bacteria were repelled from the water-oil interface like non-acid-fast organisms.
Extending the procedure used in the former experiments, series of dilutions of anti-Mycob. phlei rabbit serum and of normal rabbit serum were arranged in tubes to which was added a similar suspension of phlei organisms and two parts of olive oil to one part of the water suspension. The tubes were shaken for half an hour and then centrifuged for ten minutes at low speed. This resulted in the separation of a layer of oil in water emulsion from a clear watery layer. A portion of the watery layer was removed with a Pasteur pipette, the tip broken off to avoid organisms which might have adhered when passing through the oil, and the number of bacteria determined by counting according to Breed's procedure (Breed and B3rew, 1916 Later observation indicated that.the immune serum used in these experiments was of very low potency as shown by agglutination reactions. These results, like the earlier findings of the Mudds (1926) previously referred to, are in conformity with the considerable work on the physical behaviour of sensitized antigens and especially with the recent observations of McCutcheon, Mudd, Strumia and Luck6 (1930) . Acid-fast bacteria sensitized with a homologous immune serum, they find, asume an isoelectric point progressively more alkaline as the concentration of serum is increased to one slightly more alkaline than that of serum euglobulin. This, they believe is the result of the bacteria becoming coated with the serum antibody. In this instance the action may be regarded as replacing or covering the nonpolar groups of the lipoid surface of the organism with a film exhibiting polar groups immiscible with oil.
VI. EMULSIFYING AGENTS
The action of an emulsifying agent was suggested by the effect produced by normal serum on the partition of acid-fast bacteria from water into oil. Several emulsifying substances were therefore examined. A coarse emulsion of olive oil in water was stabilized by the addition of a all amount of gelatine. Portions of the emulsion were then shaken with a watery suspension of acid-fast Mycob. phlei and other portions with non-acid-fast B. subtilis. Under dark-field examination the acid-fast bacteria which came into contact with the oil globules appeared to remain in the interface rather than to pass into the oil drops whereas the non-acid-fast organisms meeting the phase boundary rebounded into the water phase. Similar results followed the use of other emulsifying agents such as soaps and sodium and calcium oleates.
To establish these data on the quantitative basis of the previous experiments various concentrations of emulsifying agents were mixed with watery suspensions of the acid-fast Mycob. phlei. to the concentration of gelatine, sodium oleate and, less conspicuously, normal rabbit serum. This action might be explained according to Harkins' view of emulsions and emulsifying agents on the ground that the emulsifying agent has formed a film about the oil particles and so reduced the free energy between the oil and water that the fatty surfaced organisms are no longer carried through the interface. It seems equally reasonable to assume that an effective emulsifying agent may form a surface film over the fatty surface of the organisms. A stable emulsion will result, according to the Harkins' theory, if the molecules in this new interface are oriented with the dispersion medium. One emulsifying agent might stabilize, at the same time, a water-oil emulsion and a water-M. phlei emulsion. SUMMARY 1. On shaking watery suspensions of acid-fast bacteria with oil they readily pass into the oil while non-acid-fast bacteria remain in the water. The same reaction occurs with a variety of fat solvents.
2. The partition into oil is shown quantitatively to be nearly complete for tubercle bacilli and 70 to 90 per cent for six other acid-fast species.
3. Homologous linmune serum inhibits, in proportion to its concentration, the partition from water to oil.
4. Emulsifying agents such as gelatine and sodium oleate have a similar effect.
